Samples of surimi were prepared in laboratory conditions from Adriatic pilchard (Sardina pilchardus). Water content in surimi was 81.5% before mixing with NaCl and κ-carrageenan, which were added in the range of mass fraction from 0 to 10%. Relative apparent specific enthalpy !, initial freezing point T i , density ρ, and thermal conductivity k of surimi in the temperature range from - 
For determination of relative apparent specific enthalpy H the mathematical model of enthalpy based on orthogonal collocation approximation of DTA was applied. Redistributions of apparent enthalpy in the freezing range as functions of mass fractions of added substances were determined. Increase of mass fraction of added substances resulted in increase of mass fraction of bound (unfreezable) water and lowered initial freezing point T i , which has effects on decrease of thermal conductivity k and increase of apparent specific enthalpy H in the temperature range from -25
Mathematical models of thermal properties of food are important for determination of process parameters, design of process units, development of new technologies, and are necessary for application of numerical methods for determination of heat transfer in frozen foods. Thermophysical properties of food can be determined experimentally, or estimated from mathematical models which are functions of temperature and food composition (especially water content). There are various methods for the experimental determination of thermal conductivity, which may be generally classified as steady state and transient methods (TAIT & HILLS, 1964) .
Due to experimental problems associated with steady state methods, described by REIDY and RIPPEN (1971) , for determination of thermal conductivity of food the line-heat source technique is most frequently applied. The line-heat source technique measures thermal conductivity, assuming unsteady-state heat conduction from an infinitely long lineheat source immersed in an infinite and homogeneous medium. The theoretical bases of the method are given by Hooper and Lepper and Nix and co-workers (SWEAT & HAUGH, 1974) .
For small samples of frozen food the thermal conductivity probe constructed by SWEAT (1986) is most often used. To apply this method for foods in the temperature range below T i , two conditions must be met: linearity of the temperature versus ln(time) plot must satisfied, and temperature increase after heating must be limited to assure measurement at the correct temperature and to minimize effect of latent heat of fusion (WANG & KOLBE, 1990) . Since construction of the probe is not yet standardised, the relation between the two conditions and the probe design to minimise difference between theoretical and experimental conditions is still subject to numerous investigations (MURAKAMI et al., 1996) . This consideration resulted in the formation of an ad-hoc committee of the North Central
Regional Project (NC-136) to address the issue of probe design (MURAKAMI et al., 1995) . 
Materials and methods

Materials
Samples of surimi were prepared in laboratory from Adriatic pilchard (Sardina As a reference substance for DTA measurement, 30% water solution of CaCl 2 was used. Distilled water was used as a calibration substance for correction of initial freezing point and for the thermal conductivity probe.
Methods
Density of samples above initial freezing point T i was determined experimentally by gravimetric method. A known mass (ca. 5g) of sample (at temperature of 24.2 ±1 o C) was added to a 60 mL volumetric flask which was filled to volume with distilled water (22 o C). Density was calculated using the following equation:
) is density, m (g) is mass of sample; V (ml) is volume of water added (procedure recommended for meat samples (SZCZESNIAK, 1983) ). The procedure was completed within 30 s, and any moisture absorption by the sample was minimised.
Thermal conductivity was determined by the line heat source technique by a thermal conductivity probe with design described by SWEAT (1986) In the same laboratory DTA apparatus was constructed (KOVAČEVIĆ & KURTANJEK, 1993) and was used for measurement of initial freezing point and determination of relative apparent specific enthalpy in the freezing range.
Evaluation methods
Above initial freezing point T i densities of samples were experimentally by gravimetric method, and below T i were determined by Levy ′s equation (2) . Impulses were applied in the power range from 2.25 to 4.2 W m -1 . Duration of impulses was from 30 to 60 s. Powers applied were lower than those used by SWEAT and HAUGH (1974) and KOLBE (1990) Apparent enthalpy is determined from DTA curves in intervals of 40 mK as proposed by KOVAČEVIĆ and KURTANJEK (1993) which has the discrete form given by: presented. As it can be observed on Fig 1. , values of k at temperatures slightly below the T i were not determined. This was due to the fact that disturbance of sensitive phase equilibrium by heat impulses from the line-source method can not be neglected. This is the temperature range in which large changes of latent heat and thermal diffusivity occur.
A numerical solution of the partial differential equation may be used to evaluate how apparent specific heat affects the conductivity measurement, and to correct the error, as suggested by Schwartzberg. Another way is to use a steady state measurement technique, such as a guarded hot plate (WANG & KOLBE, 1990) . ( ) ) is thermal conductivity at T i . In (4) T i were determined from DTA and k f were obtained by linear regression of the data above the initial freezing point.
Values are given in Table 1 , but k f for samples with different added substances levels,
were not statistically different. Table 1 Obtained values of the thermal conductivity are in close agreement with data of WANG and KOLBE (1990) . Regression analysis was performed in two stages. First the parameters , f k and B were estimated from experiments with each mass fraction of the added substances. In the second stage the parameters were correlated with the mass fraction by the linear models:
where
) are parameters in regression of thermal conductivity; w (%) is mass fraction of the added substances. The estimates of the coefficients in the linear regressions (5) are given in Table 2 . Table 2 The parameter B, which is related to the linear dependence of thermal conductivity on temperature, decreases with increasing mass fraction of κ-carrageenan and NaCl (Table 2) Temperature, o C Thermal conductivity, W m -1 K -1
